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AV TUVESTIGATIONK OF THE RANGER V-770-3 ENGINE
INSTALIATION FO® THE EDO XCSE-1 AIRPLANZ
II - AZRODYWAI'TCS
TED HO. HACA OLl

By Mark R. Nlchols and John Z. Dennard
SIMINARY

An investligation has besn conducted In the Largley
yropaller-researech tunnel to determine the cowllug and
cooling ragulremsnts of the Zanger V=770-S engine instal-
lation for the Zdo XC2=-1 alrplane. The present report
sumn.erizes the asrodynamic duta obtained In the tecting.

Extensive model ohiengesg Ineludling alternate bufflles,
exhaust stacks, soo2ling-alr exits, end oll-cooler ducts
were tosted In attemots to increuzse the coollng capesity
nl tha corling and to reduce the draz., Final cowl con-
figurations possassed sufficient engine and oll-cooler
nressure drove in the critizcal normalepower clirb condi-
tion to cool the cylinders end the o1l below tlie specifled
temperature limlts with any of the three baflle conflzura-
tions tested. Drag cleun-un tests indicetad minor changes
which will result at sea level in Ppproximate LIncreesen
of 5 miles per hour 1n high speasd, 34 feet per minute in
rate of climb, and 7 varcent in msximun range. The Indl.
cutod eritical ifach number of the cowling wns found to
bs 0.70 as deternined by the prassures on the lower 1lilp
of the inlet. i

Pressure data sre .presentsd ior wide ranges of exit
area, anpgle of attack, and thrust diskt-loeding cosfficient.
Sample annlicetions of the data to the estimation of the
required exit aresa are shown.
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TRADICTION

At the requnast of the 3uresu cf Aaronautics, Navy
Depariment, un 1nve"tl~"‘lon of the aerodynamic =ud
cooling charucteristics of the Ranger "'=T770-v enzinre
installrtion for the Zdo X0SE-1 alrplsane has hesn con-
ducted in t\eALnnuley nropaller-resaarch tunnel. 1he
ablecta of the investigation werz (1) to determine the
,oslinﬁ charucteristics end requiremeats of the ougine,
(2) to determine th: aerodynamic cherasteristics of thn
cowling, ani (3) to develos a cowling with adequst
coeling-nressure rdroo and low drag. fThe proesent repo"t,
paurt 'Y, sumrarizes eir {low, pressure, nnd forco duata
outainad in tests of s number of model configurations:
nart I, referenze 1, nresents corresvonding temnoerature
date and enzine 200ling correlations. FPRecent {nvsetiza-
tiors at Lengley Leboratory of similar instsllations of
Runger V-770 enzinee are raported in references 2 throw h i

The Tdo X03Z~1 ulrplane 1s a single-engine scout-
obzervation seaplane with a normal grosse meipht ol
5200 pounds, & wing arsa of 230 square ieet, and a wing
aner. of 28 feet. As estimated by the manufacturar, the
nigh s>eei of thils air w;rﬂb at sou level with militery
nowapr ia 192 milea per hour and the rate of climb nt
this altitude =nd nowar 1e¢ 1L6C feet cer minute at &
climbing sneed of 100 miles rer hour. BHBecause of these
low flight speeds, sceclal emphasis has been dirscted
towsrd the reducticn of the nressure drops required- to
cool and 1ncrcns ng the pressure drops nva'lable. §

The wind-tunsel investigttion included orooeller-
removed end rropaller-oreratifg measurements to determire
dreg and cooling-alr-flow charscteristics. Chunges. to
the oririnal coniiguratlion included alterriate baffles,
exheust stacks, snoling-alr exits, end modiffestinns to
the oil-croler dueta. For the more srormicsing configuras=-
tions, extensive pressurc surveys were nade 1in tis
internal flow ani on the externnl cowl surface ovor wide
ranges of cooling-exit srea, augla of attacw, and thrust
disk=losding confficient.

The flow-rssistancze charecoteristise of the englne,
the o1l cooler, the cowl lsaksze aree, the generator,
and the penerator blast tube were determinnd from ground-
stand calibrution tests.
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" SYMBOLS

speed of sound, feet per second
cross-sectional area of duct, square feet

drag ccefficient, LEX2E
9,8

increment of drag coefficient

coefficient of internal drag, Interza; ar
0

proyeller diameter, 9 feet

acceleration due to ygravity, 32.2 fest per seoond
per second

total pressure, pounds per square foot or inches
of water

increment of total pressure, inches of water
critical Mach number, Vcr/a
rotational speed, revoluticns per second

static pressure, pounds per square foot or inches
of water

cooling=-air pressure drop across oll coeler
(ﬂ; - Pp)s» pounds per square foot or inches of
water

cooling-air pressure drop across individual engine
eylinder (Hf - By), pounds ger square foot or
inches of water

dynamic pressure, pounds per sgquare foot
volume rate of flow, cublz feet per minute
wing srea, 2356 square feet

effeotive thrust, pounds
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thrust disk=-loeding coeffioclent,
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T
FoVooD?

velocity, fezt per gecond

free-stream veloclity at which local surface veloclty

reaches soeed of sound, feet per second

welght rate of flow, pounds per hour or per minute

angle of attack of thrust axis, degraes

propeller blade angle at 0.75 radlius, degrees

cooling-eir flap angle from flush position, degrees

design angle of propeller blade element, degrees

mass density of alr, slugs per cubic foot

relaetive density of alr, ¢£/0.002378

Subsoripts:

b at

front of cylinder barrels

0il cooler

engine

at

at
at
in
st
at

front face of oll cooler or betwesn fins of
cylinder heads

cowl inlet

inlet of oll=-cooler dgot
free stream

rear of oil cooler or englne

cooling-ualr exit

Double subscripts indicate that both spply. A bar
above a symbol 1s used to denote an arithmetlc avarage.
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MODEL, POWER-PLANT INSTALLATION,
AKD INSTRUNEXTATION

The model nconsisted of a complete pcwer-plant
installation mounted on a mock-up of the forward part
of the airplane. A 15,21-foot stub wing was fitted to
the mock-up: the tail surfaces and floats were not
installed. The general arrangement and principal dimen-
sions of the model are presented in figure 1; general
visws of the model are shown in figure 2. The various
model oonfigurations are identified and assigned symbols
in table I. (As received, the model was in the.configura-
tion designated Ta.) Signifioant duot areas are listed
in table II.

The Ranger V-770-8 engine (fig. 3) is a 1l2-cylinder
inverted-V=-type alr-cooled engine with a propeller gear
ratio of 3:2. 7Tt has a normal nower rating of 500 horse-
power at 3150 rpm from sea level to 8000 feet and a
military rating of 550 horsepower at 3300 ropm from sesa
level to 4,500 feet. The propeller used for these tests, a
two-blade, 9-foot-diameter, constant-speed, Hamilton
Standard propeller (blade number 61C1A-12), is desoribed
in figure .

Sketches and photogrephs of the baffles tested on
the engine are oresented as figures 5 and 6, respectively.
The oonventional baffles were installed on the outboard
8ide of the barrels., The turbulent-flow baffles were
installed on both =ides of the iiends and barrels and had
several turbulence strips extending from the baffle shell
to the oylinder fins. The NACA designed baffles, installed
on the barrels only, fitted t&ghtly against the barrel
fins over an arc of about 300~ and had inlets alined with
the flow and diffuser-tail exits designed to reduce pres-
sure losses at the bafle exit. A more complete discrip-
tion of the baffles is contained in reference 1.

Exhaust-staok details are shown in figures 7
through 10, The staoks were manifolded in groups of
three exoept for the mocked-up individual stacks nf con-
Tfiguration IVo. All stecks exoept those used in con-
figurations IVvb, IVd, and IVs were equipped with shrouds
intended to reduce heating of the engine ard oil-cooler
alr. Shroud cooling was effected by cooling air which
entered at the top of the shrouds and exhausted at the

CONFIDENTI AL
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surface of the cowl., (See fig. 9.) External oonfigura=-
tion variables for the manifolded staoks included
"vertical" and "horizontal" fishtall-type flame darmers,
short stacks, and flush stacks., The mock=-up individual
stacks wers equivned with horizountal fishtall flame
dampers. The flame dampers were not uscd extensivoly in
the power-on testing because of recurring structursl
fallure (fig. 10).

Vicws of the inlet duct configuration and coordi-
nates of the inlat lips are presented in figure % und
table III, respeotively. All oooling and charge air was
taken into the triangular-shaped main inlet. Oil=cooling
and carburetor air was taken from the back of the inlet
section by ducts below the left cam cover and between the
exhaust staols, respsctively. The engine cooling alr
was exhausted from the cylinder exits ints the exit and
accessory compartment whioh extended from the spinaer
bulkhead to the firewall and was open to the rear of
both banks of cylinders.

A svecially built United Aircraft Products elliptical
o1l oooler, designeted U-8L0T713, was installed in the
model. (See fig., 1ll.) It had 0.21-inch-dlameter tubes,
a face erea of ThL square inches, and a core depth of
9 inches. Configurations of the oil-cooler duct are
shown in figure 12. Installation variables included
exit ducts, exit flaps, and guide vanes. (See fig. 13,)

A photograph of the carburetor duct is vresented
as figure 1ll; installation details are shown in figure S(b).
The hot=-alir door in the bottom of the duct closed off the
passage to the pressure box when onened and caused all
the carburetor alr to be taken from the accessory com-
partment. :

Cuoling-air exit details are shown in figures 15
through 17. A flow=~direoting vane was used in the oil-
cooler-exit duct of configuration Ic; two vanes wcre
used in esch of the engine-coolingealir exits of all con-
figurations except IVe; an NACA designed falring strio
(fig. 17) was instslled in the accessory compartment
exit of configurations Ia and Ib. Cooling=-alr shutter
and flap dimensions were as follows:
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Cooling-~ Tyoe of exit .} Helght Length
alr duct control _ (in.) (in.)

Engine Shutter 17.56 9.L0

Engine Flap 17.75 11.94
0

ol Shutter 12.87 L.25
011

ccoler Flap 13.31 7.36

Variations of the cooling-alr exit arca with shutter or
flap opening are shown in figure 1C.

A 1%—1nch-diameter blast tube (fig. S(b)) was used

to supply cooling air to the generator located at the

top of the engine. Configurations vere tested in vhich

the inlet was located at the top of the cowl inlst (fig. 19),
at the rear wall of the pressure box dbeneath the right

cam enver {fig. 8(b)), at the rear wall of the presaure

box above the carbupetor duct, and in the oil-cooler

inlet duet just ups®ream of the 0il cayo0ler (fig. 13).

From 3 to 5 feet of tubing and a number of bends were
required in each of the above configurations,

The engine panel incorvorated remote indicating
instruments and an electric actuator system for operating
the engins controls and flaps. Ferces were read on the six-
comporzant. wird-tunnel balance system. Pressures were
measured by ths total end static tubes itemized in
table TV, Kethods and instrumentation for obtelning
temperatures snd other engins operating data are dis-
oussed in reference 1. : '

GROUND-STAND CALIERATIONS

Grovwnd-stanmd flow-resistance calibrations of several
oomponents of the installation were made as a preliminary
to the enalysis of the wind-tunnal test results. Experi-
mental gsetupn .are shown in Tigures 20 and 21. Svecial
instrumentation conststed of the cclibrated venturi in
the former setun and the celibrated contraction cone
ané grids of total pressurs tubes at both ends of the
blast tube of the latter seti.:.
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Engine-baffle combinations and oil cooler.- Propellecr-
reriovod sooling-ulr-flow calibrations of the three engine-
baffle combinations are presentod in figure 22; corre-
sponding comparisons of the average prossure drops across
tiho left and right banks are shown in figurc 23. Effoc-

tive orifico areas, ——" ___ (oxpressed in foot-pound-

PA
second units), were about 0?75, 0.68, snd 0.7%2 square
foot for the conventional, turbulent-flow, und dirfuser-
hatfls installations, respoctively. 'The latter value
is for sn inatallation with diffuser baffles on all
eylinders.

A propeller-removed cooling-sir-flow callibration of
the oll cooler is presented as figuro 2. The effective
orifice area and the pressure=drop coefficlent

/ar
ar
and 1.0, respectively. '

fer the cooler were approximately 0.26 square foot

Tt 1s erphasized that the above c&iibrntions are
rfor the cnld condition only: the pressure drop rust be
corracted for cooling-azir-density changes due to heat
dlssipation and altitude bofore being epplied to power-
on operation. The necessary corrections are discussed
oxtensively in references 6 through 8. Reference U
indicates that a very close approximation of the engino-
cooling-air flow in altitude operation msy be obtalned
from a cold calibration by basing G on the density of
the cooling air just downstream of the engilne.

Jeakape.- The combined leakage through the exhaust-
stack shrouds and the pressure-box seamns for the calibra-
tion condition is presented as a fanction of the =nglne
front pressure and the engine nressura drop in fisure 29%.
At a baffle pressure drop of ¢ inches of water, the leak=-
are flow 1s about 6000 pounds per hour or anproximately
15 sercent of the cooling=alr flow through the anglne.
Attention is called to the fect that these duata are ol
a strictly qualitative nature as the external surfuce
pressures, the oil-cooler flow, snd the charge-air: flow
for the flight conditions were noi duplicated; tho actual
leakage flow would probably be greater for the high-
specd conditiorn and lass for the climb and cruising con-
1itions.

CONFIDENTIAL




MR Wo. L5IlZb CONFIDEFTIAL

The leaksgs through the cowl seamns downstream of the
engino (with raspeect to the cooling-air flow) and from
the zan between the cowling end the firewall (figs. 16(b)
and 17) for the flush-flapn calibration condition 1s shown
In figure 26 as a funstion of the engine reur orecsure.
Although thece data are also of a qualitative nature, thay
indicate thst the lsakage was a large percentags of the
exit [low for the high-speed flight condition. Tho
clearance gap between the cowl z2nd tho spinner was found
to be the source of a large amount of additlional leakage.

Ceneranter arc btlast tuba.- An air-flow calilbration
of the generator is presented in figure 27. The pres-
sura droo across ths generator ls shown to e a moro
important variable than the rotstiocnal speed in determining
the coollng-alr flow; the bullt-in faon apnsars to be rela-
tively ineffective at lsrge flow quantities. At the rated
engine spsed of 3150 rom a pressure drop of apnroximately
3.3 inches of water was sufficicsnt to supply the 75 cuble
feet of cooling alr per minute specified by the sengine
manufacturer. Xavy specifications (reference 9), howovor,
are not bused on the nressure drop but stinulates that the
rem at the porerator flange shall be at least 6 inchzs
of water in flight at the best climb speed at sen lavel.
Az the accessory compartment prassure is below atrosohertc
nressule in the climb condition this requirement is con-
servative,

A preasure-drop callibration of the generator blast
tube is oresented &s figure 25. Largo increases in the
pressure losses occurred when either the tube length or
the bend angle were increased. At the air flow requlred
for zenerator enoling (75 cublc feet per minute) the
loss through a tyrical installation with a gé.ﬁ-inch

blust tube hsving & total kend angle of 270° would be
botwaen 7 and S inches of water. This large loss could
most easily be reduced in tho present installation by
using & larger diameter blast tubs.

TUFNEL TESTS

The initlial portion of the tunnsl testing consisted
of ornpeller-removed pressure and drag studles at a
turnel spoad.of about 170 miles per lhour directed toward |,
the development of a aowlingz vith sdeaguate coollng »res-
sure drop and low drsir. Proveller-installed tests of the
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best cowl arrangement were then conducted tc determine
the cooling characteristics of the several engine-baffle
configurations and those of the oil=-cooler (reference 1),

and the available cooling pressurs over the range of
flight conditions.

Several final configurations were
checked at the end of the test program.

The estimated sea-level flight conditions used as

a busis for the oropeller-inatallad tests were as follows;

Mlitary nower

sruise at 30.6
vercent normal

nower

nlimb;
Normal power
¥ilitary power

MHaximom-e¢nduranoe-

550

153

500
550

3300

1800

3150
3300

Flight Horee- (Bngine| £ | T, P Yo
condition power | (rom)! (deg) (deg) [( £t/se0)
High speed:
Normal nower 500 3150 22 |0.057] -1.3| 274

D62 -1.6] 282

.15 | 11.2} 132

.26 7.5| 158
.28 7.5 159

The..climb and maximum~endurance-crualse conditions were

approximately duplicated in the tunnel at the vroper
airspeed; mrilitary wower could not be quite attained
in mest cases because of losses in munlfold pressure

occasioned by the charge-air measuring ventur! inastalled

in the carburetor duct (reference 1l). The high~speed
condition was simulated at a tunnel speed of 100 miles
per hour by dunlicating the flight value of V,/nD
with the flight blade angle of 22°.

TUNNEL TEST RESULTS

The results of the tunnel tests are rresented in
sections which deal with cowl development, internal

flow, required exit area, drag, and surface pressures.
The types of data presented for each model configura=-
tion along with the configuration identifications are

listed in tsble T.

CONFIDENTI AL
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Modifications to Insthllation

Preliminary propeller-removed pressure surveys
indicated that the available pressure drops across the
engine, oil cooler, and generator of the original con-
figuration (Ia) would be either marginal or insufficient
for cooling in the normal-power climb condition. Testlng
of this configuration was discontinued immediately and
a series of modifications to the cowling were investigated.

Englne and oil-cooler ducts.- A surmary of compara-
tive data pertinent to the development of the engine and
oil=-cooler ducts 1s presented in table V. The available
engine and oil-cooler pressure drovs at a = 7.5 and
with propeller reinoved were increased O-Zlqo and O. 5hq°,
respectively, by substituting the flapped exits for the
shutter exits. (Compare results for configurations Ie
and IIa.) For the normal-power climb condition, removing
the exhsust-stack shrnuds (configurations IVa end IVb)
increased the engine and oll-cooler pressure drops by
0.08q, and 0.09q,, by reduciny leakage and removing
obstructions from the pressure box, but also increased
the cooling=-air and carburetor-air temneratures by &° P,
Tor the sare test condition, roroving the vanes from
the engine-cooling-air exits and semling the accessory-
compartment exit gap (configurations TVb and IVe)
decroased the engine -ressure dro, by only O. olq . but
increased the accessory-comncrtment temperature by 15° F
The flapned exits, the exhaust-stack shrouds, and the
unsealed accessory-comnartment exit gao were components
of the series II and series IIT configurations tested
most extensively and for which cooling adequacy was
established. (See reference 1l.)

Genecrator blast tube.- Tenerator cooling-pressure
data for four blast-tube inlet locations are summarized
in table VT, The highest prassure recovery for the
climb-at-normal-power condition, O. 50 3.3 inches
of water, was obtained with the blast- tube inlet located
at the rear wall of the pressure box above the carburetor
duet. The pressure dror for this configuration, I inches
of water, 1s shown by figire 28 to be more than sufficient
to furnish the 75 cubic feat of cooling air per minute
specified by the engine manufacturer.
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Internal Flow

Extensive pressure surveys wvere conducted in the
series IT and series III configurations, considered to
be most promising, to determine the availatle cooling
pressures and the effects of the several flight and
model variables on the internal flow.

Prossure distributions.- Pressures measured tarough-
out basic configuration IJa are presented in figure 29
for the high-sneed and climb attitudes with propeller
removed. These data indicats excellent flow into the
cowling with pressure recoveries in the inlet and at the
end of the diffuser (benzath c»1linders 6R snd 6L) nearly
equal to 1.0q,. Recoveries at the front of the cylinder
barrels varieg between 0.91q, and 2.99q,; but corre- -
sponding oressures st the front of the cylinder heads
were mich lower due in nart to flow obstructions pro-
sented by the ignition harress. (fig. 3). Pressures
measured between the fins of the cylinder heads (used
as the front pressures in the determination of the
eylinder pressure drovs) were approximately equal to
those measured in front of ths heads. <Recoveries at
the face of the o1l cooler were about 0.95q, and 0.76q,

for the high-speed and ~21limb attitudes, respectively.

Ty»ical proneller-operating pressures (fig. 30) show
substantial increuses in rem over those obtsined in the
oropeller-removed tests., At the inlet, totel »ressures
reached maximum valuesa of 1.30q, and 2.33q, in ths high-
speed and climb conditions, respectively. Ths ocsur-
rence of these pea¥ pressures in the lower and right
parts of the inlet are indlicotiva of increased louling
of the proneller-blade sections in front of these reglons
due, in the former case, to the increased proreller
radius and more effective airfcil section and, in the
lati=1- case, to the nitched attitude of the-»roneller.
Pressure recoveries at the left-bank cylinders and in
the left side of the pressurs b%ox werse higher than
corresponding pressures in the right half of the cowling
beoause of slipstream rotation. Pressurs distributions
at the rear of the engine, at the oil-cooler face, and
at the carburstor deck wers nearly uniform. C

The rem in the carburetor duct with both normal and
alternate inlets is shown in figure 31. These data,
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taken in the maximum-endurance. condition, indicate that

“the flow at the carburetor deck was uniform with elither
inlet configuration; ths average ram with the alternate
inlet, however, was approximately 1l.2q, below that with
the normal inlet.

Cylinder pressure and pressure-drop distributions
for model configurations with the three types of baffles
are shown in figures 32 and 33 for the propeller-removed
and propeller-operating conditions, respectively. The
front oressures varied by as much as 0.5q, between
individual ncylinders; but, as previously noted, the rear
pressures were nesarly uniform. The lowest front pressures
and consequently the smallest precsure drops were con-
sistently measured at the forward cylinders of each bank.
Substituting the NACA designed diffuser baffles for the
turbulent-flow baffles on the left-bank cylinders increased
the precsure drop across these cylinders and caused sub-
stantial reductions in outboard barrel temperatures (ref-
erence 1), but at the same time caused small reductions
in the rressure drons across the right cylinders.

Average duct »ressures.- Pressure data obtained in
the flight-simulation tests are summarized in table VII.
The ra: pressure in the inlet for the II and IIT series
oonfigurations averaged 1.30q, in the ncrmal-power high-
speed condition and 2.1hqo in the normal-power climb
condition. Pams at the carburetor d~ck for these flight
eonditions and configurations (1.35q, end 2.0lq,, respeo-
tively) correspond to airplane critical altitudes of
7900 feet and 1700 feet based ~n the engine critical
altitude .of (0D0 feet. Tt should be noted that the
engine charge-air flow was not simulated exactly for the
highesveed condition as this sir flow 1s not proocortional
to T.. For the normal-power climb condition {(econfigura-
tions ITIc and IIIa), static ovressures in the engine and
oll=-cooler cooling=-air exits were about -O.h3q° and -0.28q°;
correspondi engine and oll-coonler pressure drops
averaged 1.54q, and 1.86q, and were sufficient to cool
the engine and the oil beiow the specified temperature
limits. Pressure drops for the series TV configurations
with the mixed baffles were of the same order and were
likewise adequate for cooling in this oritical flight
condition. It 1s noted that the reasured. thrust coef-
ficients for the zlimb condition tests were conaistently
less at military vower than at normal power possibly
because of efficiency lossss incurred by the high Mach
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number and high loading of the prooeller tips or by the
deorease in VO/nD; increasing the gear ratio or modifying
the propeller might result in overell increases in air-
plane performanoe at military power.

The average pressures in the engine and oil-cooler
ducts are presented in figures 3l and 35 as functions of
Vi/Vo 8nd a for the propeller-rermoved tests and as a
function of T, for the propeller-intstalled tests.
Variations of the exit total pressure are omitted from
the flgures as these pressures were very nearly 2qual to
and conflicted with the prcsentation of the rear pres-
sures. Some of the rear oressures, in turn, have been
omitted from the central cortion-of the figures for the
sake nf clarity. Propellar-removed data are used as the
end points of the curves in which T, s the inderendent
variable because the model with propeller installed was
not tested at this condition.

Inlet total pressures for the propeller-removed con-
dition were nearly unity over the complete Vi/Vo and
a ranges tested. Propeller oreration increased thase
pressures to a much greater extent than would be expected
from consideration of the simple momentup theory (from
which the inlet pressure rise would be Te). Analysis

of the propeller-opersating cecnditions indicates that this
result was attributable to thne lncressed loading of the
propeller ouff sections caused by reductinon of the
effective V,/nD in the low volocity field in front of
the inlet.

Prcssure losses between the inlet and the front of
elther the engine or oil-cooler (figs., 3L and 35)
inoreased appreclably between the limiting propellei-
removed test inlet velocity ratlos of O.4L and 0.7 and
vere essentially independent of angle of attack, vro-
peller removed. Attention 1s called to the fact that
the slopres of the curves of front, rear, and exit -res-
sures versus T, are influenced by the changes in Vy/V,
which accomrany increases in T, as these curves are
presented for constant outlet c¢dnfigurations.

Statio pressures at the re.r of the engine or oil
cooler and in the cowl exits generally decreased with
inoresses in a, propeller remaved. ¥ith propeller
installed, the exit static nressure lncreased with T
with undeflected exit flans but decreased with To
with fully extended flaps.

CCHFIDENTT AL

c




MR No. L5I12b CONFIDENTIAL

The pressure losses ahead of the engine and olil
oooler are shown in figure 36 as a function of inlet-
velocity ratio. The continuity of the curves for the
propeller-removed and propeller-installed conditions
indicates that losses caused by misalinement of the
inlet with the incoming flow were small for the propneller-
instulled condition. The grester losses with the
turbulent-flow bafflas than with the conventional baffles
were probably caused by the obstructions to the flow in
the vee oresented by the inboard narts of the turbulent-
flow baffles. The magnitude of the losses at the higher
inlet-velocity ratios emohaslze the need for large inlets
for installations of this engina in lov-speed aircraft.
losses shead of the 01l cooler coculd be reduced by using
larger ducts. -

Ducting efficisncy.- Thé ducting efficiency of the
cowling expressed as the relationship of the oressure
drop across the heat exchanger (3P) to the precsure
drop across the cowling (H; - Hy) 1s shown in figure 37
for ranges of engine and oll-cooler pressure drop. Con-
figurations Te, TIa, and IIc with the conventional baifles
had maximum engine/duct oressure-drop ratios of about 0.35
compared to 0.70 for configuration II1a with the turbulent-
flow baffles. The maximum oil-cooler-duct oressure-drop
ratio was aporoximately 0.95. '

QOutlet effectiveness.- The static pressure depressions
in the cowl exits caused by oprening the flaps and shutters
are shown in figure 3f. Opeaing tho engine and oil-
cooler flups reduced the exit static pressures by approxi-
mately 0.57q, and 0.65q°, respectively. The advantage
of using a riapmwiexit is shown by comparisons of the
flapoed-nxit and shutter-exit curves; at the maximum
shutter-exit areas the statio nressures in the flapped
engine and oll-cooler exits wlith tho same areas were
0.26q_ and 0.21q, lsss than the corresponding pressures
in the shutter exits. Tho increased effectiveness of
the flavned exits 1s further indicated (fig. 33) by the
largsr ‘inlet-velocity ratic fur any given outlet area.
The rapid incresse in inlet-velocity ratio with T, 1s
noted in-this figure. "

Charts for Predioting Exit Areas

To facilitate application of the pressure data,
engine and oil-cooler pressure drovs are presented in
figures 4O and L1 as functions of A,, ¢, and Tqe
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All available propeller-installed datp were plotted in
the right portions of the figures regardless of eangle of
attaok as this variation was obviously of second-order
importanoe; the lines shown were faired through the

a = 7.5° points and would be shifted up or down by
ohanges in a, but would not be changed appreciably in
slope. The exit areas and flep angles required for engine
and oll cooling in the steady flight conditions of this
airplane may be estimated from these figures by the fol-
lowing method as indicated on figure LO:

1. Lozate the value of EE required for cooling at

(o]
the T, for the flight condition in the right-hand por-
tion of the figure and determine E—E at T, =0 by

0 3
constructing g straight 1line through thig.point parallel
to the two test 1ines or through this point and the
intersecticns of these lines.

2. .Locate the above-obtained value (%2 for T, = Q)
! . : S L X
at the flight sngle of attack and determine gﬂ for

@ = 7.5° - by constructing a line through thls point
parallel Fé'adjacent test lines.

3. From the value of %2 for a = 7.5° read the

flap angle and &xit area from the curves in the left
portion of .the figure. As indicated on the charts,
allowance mist be made for loss in flap effectiveness
caused by deflection of flaps ahead of or behind the
outlet under consideration.

Estimates of the required flar angles and exit
areas based ‘on the cooling-requirement predictions
oresented in reference 1 are shown in table VIII.

It 18 noted that with the auto-rich mixture setting,
flap deflections of €% or l2ss will bs sufficient to
cool the engine cylinders with ~ither tyve of baffling
in the high-speed, climb, =und crulse conditions; opening
the flaps will oroduce sufficient additional pressure
drop to cool the conventionally baffled engine with the
auto-lean mixture. The negative =ngine-cooling-air
exlt areas shown for the, maxi-um-sndurance-cruise oon-
dition indicate that leakags through the cowl joints
will be more than adequate to cool the engine 'at this
low power. o
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Drag

Drag studies based oﬁ force and pressure measure-
mants were conducted throughout the investigation to
assist in the development of an optimum engine installa-
tion. .

Force measurerants.- A surrary of the oropeller-removed
force data, tsble TX, shows that substantial reductlions
in drag for the highe-speed attitude may be realized by
minor modiflcations to the instellation. (Figures 1llus-
tratins the test conditions of the model are listed in
tue table.) ith the exhaust stack shrouds scaled drag
coafficient increments chergeable to the installation of
the individusl and manifolded e¢xhaust stacks with hori-
zontal flame dampars were 0.0021 ané 0.0015, respectively,
compared to 0.0007, 0.000L, and 0.0003 for the manifolded
stecks with vertical flame dampers, the manifolded short
stacks, and the manifolded flust stscks. Lealkage from
the external preasure-box ani cowl Joints and from the
accessory-compartment exit gap at the cowl-firewall
Junature increased the .drag coefficient by 0.0005.
Removinsg the KACA designed falrine strip from the
accessory-comnsrtrent exit gap (fig. 17) increased the
drug coefficlent by 0.0006 thereby indicating the
effectiveness of this fairing In reducing and directing
the accessory-compartment flow. Substituting the flap
exits for the shutter exits decreased the drag coeffi=-
clent by 0.0007 in the fully closed oondition without
decreasing the pressure drons across the engine or oll
cocler: this draz incrament ls attributed in oart to
the more effective seals sround the edges of the flaps
and.in nart to the elimination of the recessed surface
.at thé shutters. - o %

Trom the precedilng items it appears that an over=-
all reduction in drag coefflolent of avproximately 0.0033
can be obtained in the high=-soeed condition by: substi-
tutinz the short exhaust stacks for the individual staoks,
Sealin;; all axternal cowl Joints except that at the firse-
wall, installing the falring strip in the accessory-
compartment exit, and substituting the flapped exits for
thes shutter exits. This reduction in drag-coefficicnt
cariesnonds to an increase in high speed of 5 miles per
hour at sea level; reductions al angles of -attack of

7= and 3° corresncrd respectlvely to an inzcrease
in the rate of climb of aporoxiwately 3% féet per iinute
and an increase in maximum range, according to Dlenl's

CONFIDEITI AL
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renge formule, of about 7 percent. As indioated by the
oalibration results, sizeable adcitionel drag reductions
oan nrobably be obtained by sesling the front bulkhsed

of the cowl to eliminate the large amount of leakage from
the clesrance batween the spinner and the cowl.

™ th the flush flazped exits, the short exhaust
stacks, all seals removed, and the firewall fairing strip
removed, the ovVer-all drag coefficient increments above
the sealed and feired condltion were 0.0022, 0.0029, armi
0.0025 for configzurstions IIo, I7Ia, and IVa with the
oonventional, turbulert-flow, and mixed baffles, respec-
tively. ™1th ooen flaps corresnonding over-all incre-
ments were 2.0068, 0.0073, snd 0.0071. Since the avail-
able engine nressure drops for tiie three baffle configure-
tions were of the ssme ordsr, the sasleotion of the baffles
for this airpleane should be based exclusively on oooling
oonsiderations.

Internal drag.~ Internal cooling dreag conefficlents
(fic. 52; were corputed from the total prassure loss
through the cowling and the weight flow of coolinas alr
by the following expression rearranged fro~ & forr are-

sented in reference 10:

Cp, = = Jﬁ;.-po 1 -1 &%
P17 g s ﬁ (% - pg)

The differences in over-all sressure losses for the three
baffle sonfigurations were counterbpelanced to suoh an
extent by changas in the internal flow that only one line
oould be faired through the calculated points. At the
high-spesd condition, Ty = 0.057, the intarnsl drag
ooefficients for the zngine and oll-cooler ducts wore
0.0021 ernd 0.0202, rcspectively. ,orresponding internsal
dreg noefficients at the climb-condition, T, = 0.26,

were 0.0112 and 0.0031. Tt 1is interesting’ to note that
the sum of the calculated internal drag toefficients

for the closed-flup condition- (u.0025) was of the aams
order ns the propeller-removad differences in drug coef-
ficient between the oomplete 1nstallﬂtionﬂ and the

seuled snd falred basic shave.
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Comnerisons of the meesured an? cslculated drag
inorements caused by opening the exits to 1ncrease the
ooolint-air pressure drnps are nresanted in figure 53
. The oalculsted intsrral érag cneffisients were somnwhat
higher than the measured over-all increments nartly
¥ beoause of the decreuse in lealape »rich took »nlzce as
the intaringl static prezsurss deereased #1th Increascs
ian the intcrnsl flow. For a given increase in pressure
drop, the increase ir drag coefficient was nearly the
same for exits ejuivped with shutters or flaps.,

Surface Pressures

Surfece pressures were measured at the right side
and at the inlet of the covling prliarily to obtaln date
on the alr londs and on the static pressures at the oooling-
alr exits. Extrenolations of the pregsures to high ¥sch

numbers were made by use of the von ¥armdn relationship
given in raference 1l.

Pressures measured along the right side of the sealed
. and falred cowling are presented in figure Ll.. T:e

statlc preasure at the ensine-cooling-sir-.exit was less
than the free-stream statlc pressure whereas at the o1ll-
cooler air exit, it was equal to or slichtly greater than

this pressure. Chansing the angle of attack from -1.5°
to 11,2° caused little change in the oressures at the
exits.

Hoving the wing 20 inche: forwurd to zoaiorm
with a design change made subsequent to construction of
the model would cause only smell changes in the statlo

pressures at the srits and oonsajyuently would not affect
the annlication of the tast results.

Surface pressure dlstributions at the cowl iulet
with proneller removed are shown s figure

L5; 1nd.catend
. critical ¥ach numbers corres-onding to these data arc
-~ . presented in figure .. Psa' negative pressures on the
T 1ips decreuased with increases in both inlet-velocity
¢ ratio and angle of attacl.

O=

Pressure peaks on ssiticon J=-C
reaached a maximum of =1.053, «t @ = =L,5° with

Vy/V, = 0.6 but were only -0.%1q, for the high-:zjeed
aftitude, a= -1,5°, v,/ = u-5ﬁ These nressurss
' correspond to critical Nach nurbers of 0.57 and u.70
™ and critical soeeds in sea-l:vel standard air or !l2
) and 533 wrilas ner hour, resp=ctively. Such high indlcated
critical speeds show that the cowl 1lip shape (table III)
might be epplied successfully to a high-spozd airplane.

CONFIDENTIAL
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fhe effects of propeller operation on the surface
cressures et the cowl inlet for the closed-flan conditlon
are shown in figure 4T7. Positlve pressure neaks increased
with T, and alszo moved toward the right side of the air-
nlane. Wegative nressure peaks on the right and bottom
sides of the inlet decressed with incresses in T, partly
becanss of the pvressure rise through the niropeller but
malnly becsuse of the ettendent ircrease in v,/vo. A
somparison in figures L5(c) anmd L7 of the oressurss on
sritlczl section £-C {(for the high-speed inlst veloclity
ratio of 0.5L) shows that progeller ocerztion did not
ragult in pressure changes large erough to alter the
eritical lach number as pradictcd from ths proneller-
ramoved tests.

SUNVARY OF REEULTS

The more important results of the inveatigsaiion are
aurprarized ss follows:

l. Avallable pressure drops across the engilne and
0ll cooler of orlginal cowl configuration Ta were insuf-
ficient for ndeguate cooling in the normal-power climb
condition. Final cowl cenf!gurations of the 1T, III,
and IV series, however, possacsed anple engine and oll-
cooler pressura droos (about l.59, and 1.9q°) for cooling
in this critical flight coniition with easch of tha ihraes
haffle coniigurations tested therain.

2. The flap-flush exit area was sufficient to conl
the encine in the high-speed condition in any configura-
tion tested; leakage alons would furnish sdeyuate cooling
in the maxirum-endurance~-sruise condition.

3. The rams at the carburetor deck of the seriss [T
sonfigurations were 1.55q° and 2.01q. {or the normsl-
power, high-speed, and cliwmb conditiogs, resvectively;
corresponding critical sltitudes of the eirplane in
etandard ailr sre about 9900 feet end 000 feet based
on the engir.e critical altitude of LIOC feet.

i, The flaoppved sxits produced hizher pressure drops
and had lower dregs at equal pressure ¢rops tran the
shutter exits.

COKFIDIVTTIAL
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D

In the normual-power climb condition (flaps oren):

{a) Removing the exhaust-stack ahrouds insroased
the englne and oil-cooler pressure drops by O.Goq
and 0. Oﬂqo, resnectively, but increassd both the
charge~-alr and cooling-alr temperatures by 3° m,

{b) Sealing the rccessory-compartment exlit gap

at the firewall increusod the accessory-comoartnont
termperature by 15° F.

{e¢) Removing the vanes from tho englne-cooling-
alr exits 2nuced 1little, if any, decrease
in engine oressure drop.

i

A ram of 3.3 inches of water at the generctor
blest-tube flange wes cttained in the climb-at-normnal=-
pnwer condition by locating the blast-tube inlet &t the
resr of the prsssure bor above the carburetor duct.
Although tnis ram vas less then tke Navy requirement,

. the vressure droo meroes the generator furnished alr
flow in excess of that speclfieu by the engline manufsc-
turer.

T. A3 Indicated by ground-stend callbrations, lealage
from the external cowl Joints in the high-speed fli;ht
condition would be & large nerazutsge «f the engiie
cooling=air flow.

8. At a =-1.5°, a nropeller-removod drag-coefficient
increment of 0.0011 was caused by leakage through the
pressuro-box Joints, the cowl jcints, and the covl-firewall
clearance. This increment was reduced to 0.0005 by an
NACA deslgred fairing strin which blocked part of the

flow and directed the remainder more nearly parallel to
the fusolage.

9. At a = -1.5 and with the exhaust-stack shrouds
senled, the drag coefficlients for oxhaust stacks :ith
individual snd manifnlded horizontal-fishtail-type flane
dampers were 0.0021 and 0.0015 compared to 0,000l for
manifolded short stacks and 0.0007 for manifolded atacle
equipned with vertical-fishtall-type flame dampors.

10. ¥inor model modificstions indicated by the drag
tests would result at sea lavsl in sporoxlmate incroeases
of 5 miles per hour in high speed, 3& feet per minute in
rate of climb, and 7 perzent Iln maxilmum range.
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11. The over-all drag coefflcient was essentially
independent of baffle configuration.

12. In the propeller-removed condition at a = =1.55
the drag coefficlents for configurations TIc, 11Te, und
IVa with closed flaps, short exhaust stacks, and no seals
ware (0,0022 to 0.0029 greater than thet for the sealed
and i'elred hasic shape. These increrents were of tlhe
same order as those for the oalculated internal drags.

13. Yeasured thrust oocefficients for the ciimb
eondi tinn tests were consistently less at military nower
than at normal power possibly because of propeller tip
losses or the decrense 1in VO/nD. Increases in the pro-
peller gear ratio or modiflcations to the propeller wi:sht
result 1n over-sll increagses in sirnlane performance ut
military power.

1. For the high-spesd condition, the indiozted
oritiecal Yazh numrb2r of the installution as determined
by the negetive peak nressure on the lower lin of the
inlet vas 0.72.

Langley Memorlal Aerorautlical Ialoratory
National Advisory Committee for Aeronautlcs
Langley Field, Va,
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TABLE I.- KEY TO MODEL COKFIGURATION AND DATA PRESENTED

Distinotive engine and *Dete
Config-|Sym- oowling oomponents installed presented

uretion|bol
J Substituted ocomponants PresmwelForoa

Conventional baffles
Shutter exits
Exhsust staoks with horizontel flame X
dampers and shrouds
Originel oil=-oocolar duots

Exhsust stsoks with vertiosl flame
dampers and shrouds

Kodified oil-opooler-exit duot

Modifiad oileosoler-exit duet with
vana omitted

Modifiad oileoooler-exit duot, vanes
installed in oll=cooler-inlat duot

Conventional baffles

lepped exits

xhaust staoks with vertlioal flame
dampars and shrouds

Vaned oil-ocooler-inlet duot

Flush axhsust stuoks with shrouds
Short exheuat stacks with shrouds

Turbulent flow baffles

Flapped exits

Thort exhauat stscka with shrouds
aned oil-ocoolar-inlet dust

rbulent flow baffles onright bank mixad
RACA-designed beffles on left bank baffle
Flapped axits

hort exhsust steoks with shrouds
[Vaned oil-sooler-inlet duot

IShort axhsust stacks without shrouds

Individual stacks with horizontal
flama dampera and shrouds

Exhsust staoks with vartioel flame
dampars snd without shrouds

Short exhauat stacks without shrouds
o | V Flapped angine-oooling-air axits
) without vanes

®x Propellar removed.
Y Propeller installed.

CONFIDENTIAL NATIONAL ADVISORY
COMMITTEE FOR AZRONAUTICS
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TABLE IT.. SUMNARY oOF DUCT AREAS.
(Measurea Pérpendicular te flow)

———,

Area
| Iten (sq Pt)
Cowl inlet 1.480
Carburetor-duct inlet 0.222
Carburetor deck . 219
O1l-cooler-duot inlet 357

Oll-c00ler face 518

Oil-ooolor-duot oxit:
(a) Original shutter ¢xit (oonﬂmnuom Ia, Ib)

shutter ologed
ahutter open

(b) Modiriea shutter exit (oonfigurntionllo. 14, 1e)
shutter cloged
shutter open

(o) Flappea exit (oonfigurntionl 1I, 111, 1V¥)
flap ologed
flap open

lngino-oooling alr sxite:
(a) Bhutter exite (eonfiguration 1)

shutters olosed
shutters open
(b) Flappea exits (oonﬂgunuonl II, 111, Iv)

flaps olosea
NATIONAL Abvisopy
flaps open COMMITTEE roq AERONAUTICS
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CONFIDENTIAL  » 012 171.- ORIFIOE LOCATIONS AND GOWL
CONTCURS AT INLET.

= | Seotion B-B

Y {left gide)

18,43 X |

16.82 1.89 =0,17

15.97 .98 1
15.05 .o
12.88 .17
11.94 .01
10.79 .11
9.4k9 .34

1.87 .04

.12 .76

k.19 .61

2.19 b2

.17

-1.82

-3.84

-5.77

-7.51

-9.09

-10.35

. -11.4o0

7.89 -12.135

11.26 -13.88

1;.zu -1l4.74

15.53 -15.65
2.21 _ -17.15 |
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(zggng glde)
X X
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TABLE IV,- PRESSURE TUBE INSTRUMENTATION

MR No. LS5I12D

Location

oowl inlet

pressure box (in plane of
-umbher 6 eylinders)

engine vee (in front of
barrels and heads)

between head fins
behind barrel baffles
engine~cooling=-air exits

generator=blast tube flange
earburetor-duct inlet

oarburetsr soreen
01l cooler:

duot inlet

front face
rear faoe
dust exit

inlet lipe
right flank of cowl

Number
of
tubes

19
9
6

B owl = o8BRBE F K R B

Type of
pressure tube

shislded total
statio
surfaoe orifice

total

=do=
total faoing baffle
shielded total
total

statto
surface orifice

total

«do=-
statio
surface orifice

total

«do=
statio
surface orifioce

total
opmm end fesiag rear
total

statio
surface orifice

Reforence
figures
and table
’(‘). 19, 2
b.

DO.

’(‘) » 29

3(v), 6B), 29
5, 29
5, 6, 29
u(.)l 29
29
16(e), 29
De.
22
3(v), 14, 29
m.
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CONFIDENTIAL

TAMXE X .- SUMMARNY OF PROPELLER-REMOVED DNAT DATA.
(Ynnpured at a Reyeolds esunbar of 6.3 n 10° baned oe the eees serodynasie ohord)

A
Sugceenire scdifioations to eodal Illue-
trative a=3® hw7.5°
fieuree | (
enend nttitude)
attituda)

Hodal domplately sealnd and faired (oonvantional
tafflan on oylindera) 2(e)

1nlat opened and seela remored from negles- Iﬁ.;
000ling-air axitn (shuttar type})

Seals removed from ¢ilegcoler eeit (shutter
type) 26{s)

Eshauet atackn aith horiscotsl flama dampere
inetellad

Exhauat atacke with vertioel flame dampere
1eatelled

Senle twiweoe oghaust etnoke ond shroude removed

Sealn removed from axternel pressure-bos jeinte

Seeln removed from eeternal oowl jolets necent
ot apinner, firewsll, and ndgesof shuttars

Seel batreae oowl and firewell removed

Fal rip_removed from firewall olesresce
8"[‘!-19 olur-u'u ﬂmt,'lur ‘opessd (Be

removed from edge

Rodirind on-unﬂhr-c.l: duot 1eetelled
3 with ahutter ope

Yase remored from eil-oooler-seit duot, vasse
iertalled 1o oil-gooler-ielet duot, anal
fron edxee Of ONRXINE=ALT SiuLtOTe.
©11-000.0F AauLtOr sioeed 3,0
All erutters ovensd as

Flappad e elte leetelled (flepe 9loeced) W) - U00;
T:u flape opaned 26{«f .0(73&6

Flueh eshauet etacke ieetelled, flape clcesd L4 - .000%

Mode | restored te originel conditice, turbulest- 2(e), 35,
flow bafflee isetalled on oylinders [

Tolet opened, nil enale removed eeospt et
apinesr and eshaust etnoke, firewslli falrieg
otrip removed 9, 17 0021

short .:Mu-l oteoks leatelled, ahroud ensle o)
remove: o] +0006 +U006
|A11 fiape ecened 11 16(e) .0039

EACA-designed d1ffumer baffiee leatalied on laft
I'i:-l oyllnﬂ;n. esehaugt-etnck ehrcude sealed, ﬁl‘.
ADe 010pe 000k |-.uo0b - .uo0k

_{AL finen ovened 16{e) .U0N3 U3

Mooked-up individuel eteoke with horizontal
flame dampere eetalled, flane oloned 8(a) 0017 0015

Eehauat atacka *ith rertioal flame dampers
inatelled e | - -.001% -.0013

® Mon-indeetsd valuas ere the dreg eceffislent - ‘
ledanted valune ere based on tia respectire precediex .oﬂul oonditione. prdimete) idwnd 1x3een
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COIFIDENTIAL MR Mo. L5I1Z20b

Figure 1.~ Ceneral srrangement and »rincipsl dlmensions
of model.

Plgure 2.~ General views of model.
(a) £i1de view; realed and faired eonditlon.
"gure 2.- Continued,

{b) Siée view of configuration Ib; shutter exits
and verticale-flame~damping exhseust staeks instslled.

Moure 2.~ Consluded.
(e) Front view; rroveller installed.
¥ipure 3.~ Englne and inlet duct.
(a) As tested in configurztions IVe and TVe,
Flgure %.~ Coneluded.
(b) Inlet lips und skin removed,
Fisure li.= Plan-form snd blade=form curves for the
6101A-12 proneller blade. (%, radius to tip; D,
diametsr; h, seetion thieknase; b, section width;

r, stution rudius; °, blude nnale.)

Fipure 5.~ Ty»oicul haffle snd prsssure tube installations.
Linear dimensions in inches.

Flgure 6.- Beffle instrllations.

(a) Conventional bafflss (installed on outboard
side of eylinder only).

Figure 6.~ Continued.
(b) Turbulent-flow baffles, inbozrd view,

Plgure 6.~ Continued.

(e) Turbulent-flow buffles, outbocrd view,

COXTIDENTIAL




CONFIDENTT AL ER No. L5T12b

FIGURE LEGENDS - Continued

Flgure 6,« Continued,
(a) TACA~designeg di ffuser baffles, inbsard viaw,
2re b.- Conzlugen,
(e) FNACh~desi rned diffusery baffles, outbourg iew,
Figurs 7,- Exheust staay onfizsurations,
Flgurs £.c Txpanet staclk ceteils,

(a) Vanifonldeqd LOPi?OﬂT*l—fliﬁe—dﬁHp{:K exhigust

ztogirg,

Flgure §,. Continuesa,

(b) Hanifolren »ertical-fluwe-ﬂahnln; exnaust staeis,

Filpure &, Zontinued,
(e) 'nn!falded,ﬁhort sxhaust gtegls,
Flgure &, Concliudeq.

(a) Yocked-un Indivisual exhaust atnpla with hori-
zontal flamg dumpers,

Qe=- Detsile ni exhwust-sta:k-shroud exit,

19.~ Views of verticsl fismes Armpers whigh failed
durin ;e)tiﬂt.

1l.- View of rear face of o0il ccoler,
Flrure 12, 0ll-conler duat contivurﬁtinns.

Flgure 13, ”11-co3ler-tnlet duct slvaing vanes and
generatcr-hlust-tube inlet,
Flgure 1l.- carburetor dust end sersen,

Flgure 15, Conltng-air—ezit 2onlipurations,

CONFIDENTT AL




” No. L5I12D CORFIDENTITAL
I'IGURL LEGIIUDS - Continued

Flpure 16.- Coollng=-air exits.

(n) Closed shutter exits.

“iyure 16.- Continued.

(b) Closed flap exlts.
Pigure 16.=- fonsluded.

(c) Open flanned exlts.

Flyure 17.- Detalls of sccessory-comonurtrent exlt gap ot
firewsll.

Flgure Varlation of zonoling alr exit areas with
shutter and flap opsnings.

Fiyure 19.- CGenerator blast=-tube inlet st ton of cowl
inlet: conflguration Ta,

20.= Setug for slr-flow cellbration of enzins, oll
cooler, and cowl lsakege areas.

Figure 2l.- fetur for slr-flow callbrations of gesnerator
and blast tube.

Flgure 22.- Ground-stand calinprstion of cooling-alr flow
through engine,

Flgure 23.- Compnarison of averuza prassure drops acrose
left and right banv cylinders for zallbration con-
dltions.

rlgure 2l.- Ground-stend cullbration of air-flow through
nil-cooler,

Plgure 25.~ Ground-stard callbration of lealrsge through
exhaust-stecl shrouds snd presaure-box seams, 01l-
cooler-duzt exit end charge-alr duct sealed; son-
ventlonel bsffles lnstalled on engine.

Figure 26.- Grouni-stznd celibpration of leukaie through
cowl seams downstrean of engine and from gap between
cowl &nd {irswall. Cowl flaps flush, fairing ctrip
removed from accessory comoertment exit.

CONFIDEXTIAL




CONFIDERTIAL
Continued

Figure 27.~ Calibrstion of uir-flow cheracterlatics of
gencretor.

Filzure 23.= Pressure-dron calibration of generator blust
tube, Inside diamater, 1.9 Inches; rean radil of
bends, 3.5 in.

Fizure 29.- Typical prressure distributicns in internnl
T"'low system for proneller-removed corndition. Con-
figuration ITa. All viewe ara from oclats upstrean
with resnect to cooling ulr flow unlese ntherwise

{2) Inlat and engine-cooling-air extits,

Flzure 29.=- fontinued.
(v) Tugine as viewed from ehove.

Plisure 29.- Zoncludad.
(c) nil=coocler duct.

Mpure 20.- Tynicul pressure distributions in faternzl
flov syst:i for two flizhtesimulstion conditions.
A1) views are frem poirnts urstreser with resnest to
conling alr flow unless otherwise noted.

(a) Tnlet and englne-coolins air exits.

Flrure 30.- Continuaed,

(b) =ncine as vieved from sbove.

Fliure %20.- Continued.
(2) Carburetor duct.

Tizurs 30.=- Conzluded.
(d) 0il-cocler cuat.

Moure 31l.- Comparison of oressures 1irn zarburetnr duct
with normal snd alternate inlets for maxiwmum

sndursance crulse ganditinn. confi;aration Ilc,
a=11.2°, 8§ =07, 6, = 0 SRR AT

COFFIDLIIIAL




CONFIDENTIAL
F10URZ LEGENDS - Continued
Vigure 32.- Tngins onressure and prassure-drop distribu-
tiore, nrecoeller reroved,
(a) Conventionsl baffles, shutters or flans closad.
(b} Conventional uffles, shutters or flaps
fioure 32.- Concluded.
{=2) Turbulernt flow and mlxed baffles, flane
(d) Turbulent flow nnd mired baffles, flans
Flgure 3%.- Engine

pressure ind preasure-=Iiron dlstributions
Il

1 iht=simuletion conditions,

's]
for

(&) Formul power.
Ficuro %3.- Continued,

(b) rilltary oower.
Figure 3%.- ZSonsluded.

(e¢) Kaximum endurence cruise condition (a = 11.2°,
8 =07, 8, = G 70.6 perczent normel nower.

P{irure Zl4.- Vartation of aversis pressurss !n zigine-cooling-
air duct with irlet-velncity ratio, ongle of attacl:,
nd thrust coefficient.

Fiagure 35.~ Variation of averags pressurese in oil-cooling-
e1r cduct with inlat=-velocity ratlo, anzle of attsclk,
and thrust zoefficlent.

¥loure 36.- Varistion of lossces in iatale dusts with
Inlet velocity ratio.

Flgure 37.- Pelationship of engine and oll-coonler pres-
sure drons to cowling oressure dron.

PM,mre 33,- Vartation of atstiec pressure depreasion in

cowl exlits with exit sroa. o = 7.57, nroneller
ramoved.

CONFIDEVTIAL
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FIGURE LEGE'DS

Tigure %39.- Variation eof inlast-velocity ratlo with sngine-
1lr ond oll-conler-exit areas, snyle of attaci, en
thrust z2affislent.

Figure Ld.- Variction of engins pressure Aro
eir-exit orea, tngle of attssic, tnd tlr
ei=ant.

Fizure Y11.~ Variotion of sil-gnoler=air 9vers
ail-cooler-exit cren, cavle of uttusl,
coeffieiant,

Fignre 42.- Snlsulated intsrnal dr:- noefil:le
figurations Ie, ITa, Iz, and ITIsas =

Tigure 3.~ Zfamosrisan of the mezsured end calrulutad
increrente chargreable to irereusses in the
ing=air nrecsure drons,. Proneller renoved,
o
J

Figure L..- Pressure digtribution along side of zowling.
Froneller reroved, inlet ond exits zealed znd
faired.

Floure L5.- cturface nressure districsations st e
Praneller rerwnved,

{a) o = =h.5°,
Pigure h5.- Zontinuzd,
(b) a = =37,
Mgure /15.~ Zontirnuad.
{c) @ = -1.57,
Figure 5.~ Contirued.
(1) a = 07,
™Moure h5.~ Inonaludad,

{e) a = 1.5°,

CONSTDLI AL
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FTGURE LISEIDS - Concluded

eritical Mach mwhar
a%%t und !'nlet-

variation of estimated
inlat lins vith 2ngle of att
ty ratin. Propeller reunved.
mnrface preg-
snutiers

propeller ﬁ«ergttsn or

nlst. a = -1,58%, g = 227,
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CONFIDENTIAL MR No. LSIl2bd

AR

{c) Front view; propeller installed.

Figure 2.~ Concluded.
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CONFIDENTIAL MR No. L5I12b

inboard view.

(b) Turbulent-'tlow baffles,

Figure 6.~ Continued.

AATIOAAL SRAVIA0AY coAAITTAS FOR ASROSAVYTICA
cal L « LASALAY PIRLD, V.
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CONFIDENTIAL

Manifolded vertical-flame-
domping exhaust ‘mk&r;o

Manl!oldod horizontai- -
domping exhoust stacks

hort socks ﬂush g stacks \@
;% NATIONAL ADVISORY ; é

Individual exhaust stacks with  coMMITIEE F(lmlcs
harlzontal flome dompers

FIGURE 7.~ EXHAUST STACK GONFIGURATIONS
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CONFIDENTIAL MR No. LSIl2b

{a) Mild-steel stacks.

{(b) Stainless-steel stacks; flame dampers stiffened with
beads and braced by cross struts.

Figure 10.- Views of vertical flame dampers which failed
during testing.
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ce of oll cooler.

Figure 11.- View of rear fa
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CONFIDENTIAL

Generotor blast
Tube ror conrig-
vrations I¥Vc and [¥e

Vane instaillotion
rnoles: Spacing
wniform across
duct ; ares or
cvurvalure in
plane of inter-
Secl/or or
ducting; leading
edges aligred
with oxrs of
vpsltream duc ﬁng.

NATIONAL ADVISORY
CONFIDENTIAL COMMITTEE FOR AZRONAUTICS

Figure /3.~ Qil-cooker-inlet duct
showing vanes ord
generator-blost-rube

infet.
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CONFIDENTIAL

(Configuration Ia)

(Configuration II¢) NATIONAL

COMMITIEE For ARoNAUTICS
CONFIDENTIAL

FIGURE 15.- COOLING-AIR-EXIT CONFIGURATIONS
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